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(57) Abstract 

Methods and apparatus for transmitting data over a multi-channel CDMA system are disclosed in accordance with the teachings of 
the present invention wherein the system Includes an encoder (10) for encoding a data stream with error correction, an interleaver (20) 
for interleaving the data stream, a multiplexor (30) for multiplexing a plurality of power control symbols onto the data stream, and an 
inverse-multiplexor (40) for inverse-multiplexing the data stream onto multiple different communication channels. The system may also 
include additional error correction encoding and interleaving steps. 
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SYSTEMS AND METHODS OF CHANNEL CODING AND INVERSE-MULTIPLEXING 
FOR MULTI-CARRIER CDMA SYSTEMS 
Cross-reference to Related Application 

This application is a Continuation of applicants' copending provisional applications 
Serial Nos. 60/041,377 and 60/042,363 both of which were filed on March 26, 1997 and both of 
which are hereby incorporated by reference into the present application. 

Field of the Invention 

The invention relates generally to the field of multi-carrier CDMA systems and more 
particularly, to systems and methods of channel coding and inverse-multiplexing in a multi- 
channel CDMA system to obtain higher data rates using lower rate channels. 
Background of the Invention 

In multi-carrier CDMA systems, as discussed in TR45.5 and CDMA Development 
Group (CDG) one option for third generation CDMA systems is for user data to be 
simultaneously carried on multiple carriers. In the third generation of Personal 
Communication Systems (PCS), an information data rate of as much as 2Mbps for indoor, and 
fixed wireless systems, as required by ITU, is to be supported over a system bandwidth of 
5MHz and above. The current CDMA systems defined in the IS-95 standard of the 
Telecommunications Industry Association and the Electronic Industries Association 
(TIA/EIA/IS-95), supports a maximum information rate of 14.4 kbps on a 1.25 MHZ 
bandwidth. 

Currently, there are two basic approaches being considered for utilizing the wider 
bandwidth in a third generation CDMA system. First, is the Direct Spread approach where 
signals are spread onto the entire bandwidth using one carrier. This approach suffers from the 
problem of not being compatible with the present CDMA systems (i.e. it is not backwards 
compatible). The second approach is a multi-carrier approach. 

Dividing the bandwidth into N sub-bands and simultaneously spreading identical 
symbols onto each of the sub-bands has been proposed by Lucent Technologies, for example. 
While this approach overcomes the problem associated with the first approach (Direct Spread 
which is not backwards compatible) it suffers from the problem of underutilizing the data rate 
capability of the system. 

Accordingly there exists a need for a system and method of utilizing the wider multi- 
carrier bandwidth that is backwards compatible and efficiently utilizes the enhanced data rate 
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capabilities of the wider bandwidth. 

A need also exists for such a system which accurately communicates information from 
the transmitter to the receiver. 

Further, a need exists for a system which uses multiple slower data streams to carry the 
same amount of data as a single faster data stream. 

A need also exists for a CDMA system that can coexist in the same frequency 
spectrum, or overlay, existing CDMA carriers so that available bandwidth and channel 
capacity can be dynamically shared between existing systems and new systems. 

Accordingly it is an object of the present invention to provide systems and methods of 
communicating over a wider bandwidth in a manner which is compatible with present CDMA 
systems. 

It is another object of the present invention to provide such a system and method which 
efficiently utilizes the communication capabilities of a wider bandwidth. 

It is a further object of the present invention to provide such systems and methods 
which accurately communicate information from a transmitter to a receiver. 

It is yet another object of the present invention to provide systems and methods of 
communicating information from a transmitter to a receiver which may utilize multiple slower 
data streams yet still provide the same aggregate rate of transmission as a single faster data 
stream. 

Another object of the present invention is to provide a CDMA system that can coexist 
in the same frequency spectrum, or overlay, existing CDMA carriers so that available 
bandwidth and channel capacity can be dynamically shared between existing systems and new 
systems. 

These and other objects of the invention will become apparent to those skilled in the 
art from the following description thereof. 
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Summary of the Invention 

In accordance with the teachings of the present invention, these and other objects may 
be accomplished by the present systems and methods of channel coding and inverse- 
multiplexing for multi-carrier CDMA systems. The present invention includes a data stream 
which may be encoded with error correction, interleaved, inverse-multiplexed onto a plurality 
of communication channels such that one portion of the data stream is spread onto a first 
communication channel and another portion of the data stream is spread onto a second 
communication channel. 

In an exemplary embodiment of the invention, the system includes an error correction 
encoder configured to add error correction bits to a data stream. It also includes an interleaver 
and a inverse-multiplexor configured to spread the data stream over multiple communication 
channels. These components may be arranged in various configurations. 

In another embodiment of the invention, the system includes encoding means for 
encoding a data stream with error correction bits, interleaver means for interleaving the data 
stream, multiplexing means for multiplexing at least one power control symbol onto the data 
stream, and inverse-multiplexor means for inverse-multiplexing the data stream onto a plurality 
of communication channels. These components may also be arranged in different 
configurations. 

The invention will next be described in connection with certain exemplary 
embodiments; however, it should be clear to those skilled in the art that various modifications, 
additions and subtractions can be made without departing from the spirit or scope of the 
claims. 
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Brief Description of the Drawings 

The invention will be more clearly understood by reference to the following detailed 
description of an exemplary embodiment in conjunction with the accompanying drawings, in 
which: 

FIG. 1 depicts a block diagram of the preferred embodiment of a system and 
method of channel coding and inverse-multiplexing for multi-carrier CDMA systems in 
accordance with the invention; 

FIG. 2 depicts the invention of FIG. 1 illustrating the power control symbols 
being multiplexed onto a portion of the data stream after the data stream has been inverse- 
multiplexed onto multiple carriers; 

FIG. 3 depicts the invention of FIG. 1 illustrating the power control symbols 
being multiplexed onto each portion of the data stream after the data stream has been inverse- 
multiplexed onto multiple carriers; • 

FIG. 4 depicts the invention of FIG. 1 illustrating the inverse-multiplexing being 
the first operation on the data stream; 

FIG. 5 depicts the invention of FIG. 1 with additional encoding and 

interleaving; 

FIG. 6 depicts the invention of FIG. 3 with additional encoding and 

interleaving; 

FIG. 7 depicts the invention of FIG. 3 illustrating that the encoder is a turbo 

encoder. 
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Detailed Description of the Invention 

In a multi-carrier Code Division Multiple Access (CDMA) system, data is 
communicated over multiple carriers (channels) simultaneously. The terms carrier and channel 
will be used interchangeably throughout this disclosure. Thus the total available bandwidth 
of the system is the sum of the bandwidth supported by each individual carrier. The present 
invention attempts to take maximum advantage of this bandwidth by channel coding, 
multiplexing the power control subchannel onto the data channel and inverse-multiplexing 
communicated data over the different channels. An aspect of the present invention combines 
forward error correction with a multi-carrier CDMA transmission scheme to provide a high 
degree of transmission reliability and frequency diversity while maximizing use of the available 
bandwidth. By using a spreading scheme on each carrier that is compatible with the spreading 
scheme of the existing CDMA systems, the two systems can coexist without creating undue 
interference. One skilled in the art will recognize that the present invention does not have to 
be operated in overlay, it can also be operated in its own frequency spectrum as a stand alone 
system. Compared with the simulcast method of multi-carrier transmission proposed by 
Lucent Technologies, Inc., the present invention reduces the data rate on each carrier, thus 
increasing the maximum bit rate supported by the system and reducing the Walsh spreading 
code channel resource used per carrier by N times (where N is the number of carriers). 

The present system may employ different configurations depending upon when the data 
is inverse-multiplexed onto the multiple carriers. Some of these different configurations will 
be discussed herein with regard to the Figures. . Although only certain configurations are 
illustrated, it is understood that other configurations may be possible for channel coding, 
multiplexing the power control subchannel with the data channel and/or inverse-multiplexing 
the communicated data over multiple channels. These other configurations are also considered 
to be within the scope of the present invention. 

Figure 1 is an illustration of an embodiment of the invention including error correction 
encoder 10, interleaver 20, multiplexor 30, inverse-multiplexor 40, and Walsh and PN 
spreader 50, baseband pulse shaping filter 80 and frequency up-converter 90. Those skilled 
in the art will recognize that while Figure 1 illustrates error correction encoder 10 as a forward 
error correction encoder any suitable error correction encoder (i.e. convolutional, block, turbo 
etc.) may be employed without departing from the scope of the invention. Further, while 
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Walsh and PN spreader 50 is disclosed, it will be apparent to those in the art that other types 
of CDMA spreading codes can be employed (i.e. orthogonal or quasi-orthogonal codes with 
or without PN codes) and the spreading sequences can be real or complex. Similarly, although 
three carriers are illustrated, the invention is not so limited. Two or more carriers may be 
considered a multi-carrier system. In the embodiment disclosed in Figure 1, the data stream 
is inverse-multiplexed by inverse-multiplexor 40 after the forward error correction encoding 
is performed by encoder 10 and after the interleaving is performed by interleaver 20. While 
Figure 1 also illustrates that power control symbols are multiplexed onto the data stream prior 
to inverse-multiplexing, one skilled in the art will recognize that the system illustrated in this 
and other Figures herein could also operate without multiplexing the power control symbols 
and instead employing one or more, or a portion of one or more, of the multiple channels for 
the purpose of communicating the power control symbols. While the term multiplexed is 
employed herein, the power control chips may actually be punctured into the encoded data 
stream. Thus, every time the power control chips are referred to herein as being multiplexed, 
one skilled in the art will understand that it can also include puncturing. Further, while Figure 
1 illustrates interleaver 20 as a multi-level interleaver, the system could also operate with a 
standard interleaver 20. To obtain maximum frequency diversity, however, the interleaver 20 
is preferably designed such that the encoded bits from a single information bit are spread or 
distributed on different carriers. A multi-level interleaver 20 makes use of the frequency 
diversity provided by different carriers. Each code symbol belonging to a particular code word 
may be placed into a separate memory block (i.e. different level). For example, if code word 

A=(A l5 A 2 , A 3 , . . A^, then each code symbol A lt A 2 Am would be placed into a 

different memory block and at the output, the commutator would read out one code symbol 
from each memory block in a round robin fashion. Thus, when the data stream is inverse- 
multiplexed onto the N carriers, each subsequent code symbol belonging to a particular code 
word would be distributed to a different carrier. Each level of interleaving provides time 
diversity for one carrier whereas the combination of the different levels provides frequency 
diversity across the carriers after the error decoding at the receiver. This is one possible form 
of a multi-level interleaver 20. The invention may be implemented with most forms of 
interleaves 20, however if the interleaving operates as a function of the number of carriers 
more frequency diversity is obtained. 
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Figures 2 and 3 also illustrate embodiments of the invention which include an error 
correction encoder 10, interleaver 20, multiplexor 30, inverse-multiplexor 40, Walsh & PN 
spreader 50, baseband pulse shaping filter 80 and frequency up-converter 90. In Figures 2 and 
3, however, the inverse-multiplexing occurs before the power control symbols are multiplexed 
onto the data stream. In the embodiment disclosed in Figure 2, the power control symbols are 
only multiplexed onto one of the carriers. Thus, there is no multi-carrier frequency diversity 
for the power control subchannel. In the embodiment disclosed in Figure 3, the power control 
symbols are multiplexed onto all of the carriers. Those skilled in the art will recognize that 
while Figures 2 and 3 illustrate the configurations wherein the power control symbols used to 
control the reverse link power are multiplexed onto either one or all of the carriers, other 
configurations wherein the power control symbols may be multiplexed onto some but not all 
of the carriers are also intended to be within the scope of the invention. 

Figure 4 is an illustration of an embodiment of the invention also including error 
correction encoder 10, interleaver 20, multiplexor 30, inverse-multiplexor 40, Walsh & PN 
spreader 50, baseband pulse shaping filter 80 and frequency up-converter 90. In the 
embodiment illustrated in Figure 4, the data stream is inverse-multiplexed onto the multiple 
carriers prior to any error correction encoding of the data stream, interleaving of the data 
stream or multiplexing of power control symbols onto the data stream. Those skilled in the 
art will recognize that the power control symbols may be multiplexed onto any number of the 
different carriers (i.e. from 1 to all) and still fall within the scope of the invention. 

Figure 5 is an illustration of an embodiment of the invention including error correction 
encoder 10, interleaver 20, multiplexor 30, inverse-multiplexor 40, Walsh spreader 50, 
baseband pulse shaping filter 80 and frequency up-converter 90 in the same configuration as 
in Figure 1. The embodiment illustrated in Figure 5 differs from the embodiment in Figure 
1 in that the embodiment of Figure 5 includes additional encoders 60 and interleaves 70 
associated with the different carriers. While in the Figure the system is illustrated with an 
additional encoder 60 and interleaver 70 associated with each carrier, it is considered within 
the scope of the present invention to have only one additional encoder 60 and interleaver 70 
associated with only one of the carriers or to have additional encoders 60 and interleaves 70 
respectively associated with more than one but less than all of the carriers. 

In the embodiment of Figure 5, the data stream is encoded with a forward error 
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correction code and then inverse-multiplexed onto multiple carriers each with a second level 
of error correction encoding. An advantage of this method is that a better tradeoff can be made 
between performance and complexity than if a single level of error correction encoding was 
employed either before or after inverse-multiplexing. The data stream output from the first 
encoder 10 is interleaved before being input to the inverse-multiplexor 40. This is done to 
provide an additional time diversity on top of the frequency diversity provided by the inverse- 
multiplexing. A reason for providing the second level of interleaving after the inverse- 
multiplexing is to provide time diversity and randomize any error bursts for the error 
correction encoding on each individual carrier. The power control symbols may be 
multiplexed onto the data stream by puncturing out the encoded data bits. The power control 
symbols are then sent on any or all of the carriers with the user data. By "hopping" the power 
control symbols to different channels at different times, frequency diversity is achieved for the 
power control symbols as well. 

Figure 6 is an illustration of an embodiment of the invention including error correction 
encoder 10, interleaver 20, multiplexor 30, inverse-multiplexor 40, Walsh & PN spreader 50, 
baseband pulse shaping filter 80 and frequency up-converter 90 in the same configuration as 
in Figure 2. The embodiment illustrated in Figure 6 differs from the embodiment in Figure 
2 in that the embodiment of Figure 6 includes additional encoders 60 and interleavers 70 
associated with the different carriers. While in the Figure the system is illustrated with an 
additional encoder 60 and interleaver 70 associated with each carrier, it is considered within 
the scope of the present invention to have only one additional encoder 60 and interleaver 70 
associated with only one of the carriers or to have additional encoders 60 and interleavers 70 
respectively associated with more than one but less than all of the carriers. Further, while 
Figure 6 illustrates that power control symbols are multiplexed onto each carrier, it is 
considered within the scope of the present invention that the power control symbols may be 
multiplexed onto one carrier, some of the carriers or all of the carriers. 

In the system illustrated in Figure 6, the power control symbols are multiplexed onto 
one or more of the carriers. An advantage of this is frequency diversity and improvement in 
performance of the power control. This method also reduces the delay for the power control 
as compared with the embodiment of Figure 5 since the power control symbols are multiplexed 
into the data stream after the second level of coding and interleaving. 
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Figure 7 is an illustration of an embodiment of the invention including error correction 
encoder 10, interleaver 20, multiplexor 30, inverse-multiplexor 40, Walsh & PN spreader 50, 
baseband pulse shaping filter 80 and frequency up-converter 90 in the same configuration as 
in Figure 3. The embodiment illustrated in Figure 7 differs from the embodiment in Figure 
3 in that the embodiment of Figure 7 includes additional encoders 60 and interleaves 70 
associated with the different carriers. As with the other embodiments discussed herein, there 
may be second encoders 60 and second interleaves 70 associated with 1 or more of the carriers 
and the power control symbols may be multiplexed onto one or more of the carriers. 

In Figure 7, the first encoder 10 is preferably a parallel concatenated convolutional 
encoder (also known as a turbo encoder). The first interleaver 20 is preferably a multi-level 
interleaver as discussed above. The turbo encoder 10 may be formed by using two or more 
recursive systematic convolutional (RSC) codes. The second level of encoding and interleaving 
is done to distribute the total complexity of the coding between the turbo codes and the second 
level of error correction. 

It will thus be seen that the invention efficiently attains the objects set forth above, 
among those made apparent from the preceding description. In particular, the invention 
provides a system and method of channel coding and inverse-multiplexing for multi-carrier 
CDMA systems. Those skilled in the art will appreciate that the configurations depicted in 
Figures 1-7 make efficient use of the bandwidth and allow for backwards compatibility. 

It will be understood that changes may be made in the above construction and in the 
foregoing sequences of operation without departing -from the scope of the invention. It is 
accordingly intended that all matter contained in the above description or shown in the 
accompanying drawings be interpreted as illustrative rather than in a limiting sense. 

It is also to be understood that the following claims are intended to cover all of the 
generic and specific features of the invention as described herein, and all statements of the 
scope of the invention which, as a matter of language, might be said to fall therebetween. 

Having described the invention, what is claimed as new and secured by Letters Patent 

is: 
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1 A method of transmitting data over a multi-channel CDMA system comprising: 

encoding a data stream with error correction bits, wherein. said data stream comprises 

at least one bit; 

interleaving the bits of said data stream; and, 

inverse-multiplexing said data stream onto a plurality of communication channels such 
that one portion of said data stream is spread onto a first of said plurality of communication 
channels and another portion of said data stream is spread onto a second of said plurality of 
communication channels. 

2. The method of transmitting data according to Claim 1 further comprising: 
multiplexing at least one power control symbol onto said data stream. 

3 . The method of transmitting data according to Claim 2 wherein said multiplexing of said 
at least one power control symbol occurs prior to said inverse-multiplexing of said data stream. 

4. The method of transmitting data according to Claim 2 wherein said multiplexing of said 
at least one power control symbol occurs subsequent to said inverse-multiplexing of said data 
stream; and, 

said at least one power control symbol is only multiplexed onto said one portion of said 
data stream. 

5 . The method of transmitting data according to Claim 2 wherein said multiplexing of said 
at least one power control symbol occurs subsequent to said inverse-multiplexing of said data 
stream; and, 

said at least one power control symbol is multiplexed onto both said one portion of said 
data stream and onto said another portion of said data stream. 

6. The method of transmitting data according to Claim 2 wherein: 

said multiplexing of said at least one power control symbol occurs subsequent to said 
inverse-multiplexing; and, 

said at least one power control symbol is multiplexed onto each of said plurality of 
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communication channels . 

7 . The method of transmitting data according to Claim 2 wherein said inverse-multiplexing 
occurs prior to said error correction encoding, interleaving, and multiplexing. 

8. The method of transmitting data according to Claim 1 further comprising: 
error correction encoding said one portion of said data stream; and, 
interleaving said error encoded one portion of said data stream. 

9. The method of transmitting data according to Claim 8 further comprising: 
error correction encoding said another portion of said data stream; and, 
interleaving said error encoded another portion of said data stream. 

10. " The method of transmitting data according to Claim 4 further comprising: 

error correction encoding said one portion of said data stream; and, 
interleaving said error encoded one portion of said data stream. 

1 1 . The method of transmitting data according to Claim 10 further comprising: 
error correction encoding said another portion of said data stream; and, 
interleaving said error encoded another portion of said data stream. 

12. The method of transmitting data according to Claim 1 wherein said error correction 
comprises encoding said data stream with turbo codes. 

13. The method of transmitting data according to Claim 10 wherein said error correction 
comprises encoding said data stream with turbo codes. 

14. A system for transmitting data over a multi-channel CDMA system comprising: 

an error correction encoder configured to add error correction bits to a data stream; 
an interleaver coupled to said encoder; and, 

an inverse-multiplexor coupled to said interleaver and configured to distribute said data 
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stream over a plurality of channels. 

15. The system of transmitting data according to Claim 14 further comprising: 

a multiplexor coupled to said interleaver and configured to multiplex at least one power 
control symbol onto said data stream, 

16. The system of transmitting data according to Claim 15 wherein said multiplexor is 
coupled to said interleaver through said inverse-multiplexor. 

17. The system of transmitting data according to Claim 15 wherein said inverse-multiplexor 
is coupled to said interleaver through said error correction encoder. 

18. The system of transmitting data according to Claim 14 further comprising: 
a second encoder coupled to said inverse-multiplexor; and 

a second interleaver coupled to said second encoder. 

19. The system of transmitting data according to Claim 14 wherein: 
said encoder comprises at least one convolutional encoder. 

20. The system of transmitting data according to Claim 14 wherein: 
said encoder comprises at least one turbo encoder. 

21. The system of transmitting data according to Claim 14 wherein: 
said encoder comprises at least one block encoder. 

22. A system for transmitting data over a multi-channel CDMA system comprising: 
encoding means for encoding a data stream with error correction bits, wherein said data 

stream includes at least one bit; 

interleaver means for interleaving the bits of said data stream, said interleaver being 
coupled to said encoding means; 

multiplexing means, coupled to said interleaver means, for multiplexing at least one 
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power control symbol onto the data stream; and, 

inverse-multiplexor means, coupled to said interleaver means, for inverse-multiplexing 
the data stream onto a plurality of communication channels. 
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